Diatoms are a major component of phytoplankton, believed to be responsible for around 14 20% of the annual primary production on Earth. As abundant and ubiquitous organisms, 15 they are known to establish biotic interactions with many other members of the 16 plankton. Through analysis of co-occurrence networks derived from the Tara Oceans 17 expedition that take into account the importance of both biotic and abiotic factors in 18 shaping the spatial distributions of species, we show that only 13% of diatom pairwise 19 associations are driven by environmental conditions, whereas the vast majority are 20 independent of abiotic factors. In contrast to most other plankton groups, at a global 21 scale diatoms display a much higher proportion of negative correlations with other 22 organisms, particularly towards potential predators and parasites, suggesting that their 23 40 systems level understanding of diatom interactions in the ocean. 41 42
biogeography is constrained by top down pressure. Genus level analyses indicate that 24 abundant diatoms are not necessarily the most connected, and that species-specific 25 abundance distribution patterns lead to negative associations with other organisms. In 26 order to move forward in the biological interpretation of co-occurrence networks, an 27 open access extensive literature survey of diatom biotic interactions was compiled, of 28 which 18.5% were recovered in the computed network. This result reveals the extent of 29 what likely remains to be discovered in the field of planktonic biotic interactions, even for 30 one of the best known organismal groups. Marine microbes, composed of bacteria, archaea and protists, play essential roles in the 44 functioning and regulation of Earth's biogeochemical cycles (Falkowski et al., 2008) . 45 Their roles within planktonic ecosystems have typically been studied under the prism of 46 bottom-up research, namely understanding how resources and abiotic factors affect their abundance, diversity and functions. On the other hand the effect of mortality, 48 allelopathy, symbiosis and other biotic processes are also likely to shape their 49 communities and to exert strong selective pressures on them (Strom, 2008; Smetacek, 50 2018), yet have been studied much less. With concentrations reaching 10^7/L protists 51 (Brown et al., 2009 ) and 10^9/L prokaryotes (Whitman et al., 1998) , biotic interactions 52 are likely to impact community structure from the microscale to the ecosystem level 53 (Zehr et al., 2017) (Zehr and Weitz) . 54 Among marine protists, diatoms (Bacillariophyta) are of key ecological 55 importance. They are a ubiquitous and predominant component of phytoplankton, 56 characterized by their ornate silica cell walls, and responsible for approximately 40% of 57 marine net primary productivity (NPP; (Nelson et al., 1995; Field, 1998) ). The array of 58 biotic interactions in which marine diatoms have been described is vast. They are fed 59 upon by heterotrophic microzooplankton such as ciliates and phagotrophic 60 dinoflagellates (Sherr and Sherr, 2007; Wang et al., 2012; Zhang et al., 2017) , as well 61 as by metazoan grazers such as copepods (Runge, 1988; Smetacek, 1998; Falkowski, 62 2002; Turner, 2014) . Other known interactions include symbioses with nitrogen-fixing 63 cyanobacteria (Foster and Zehr, 2006; Foster et al., 2011) and tintinnids (Vincent et al., 64 2018), parasitism by chytrids and diplonemids (Gsell et al., 2013) , diatom-targeted 65 allelopathy by algicidal prokaryotes and dinoflagellates (Paul and Pohnert, 2011; 66 Poulson-Ellestad et al., 2014) and allelopathy mediated by diatom-derived compounds 67 detrimental to copepod growth (Pohnert, 2005; Carotenuto et al., 2014) . Beyond direct 68 biotic interactions, diatoms are also known to thrive in high nutrient and high turbulent 69 environments such as upwelling regions, at the expense of the other major 70 phytoplankton groups, for instance dinoflagellates and haptophytes (Margalef, 1979; 71 Kemp and Villareal, 2018). Competition for silicon between diatoms and radiolarians, 72 another silicifying member of the plankton, has also been noted (Harper and Knoll, 73 1975; Hendry et al., 2018) . 74 Despite the strong biotic and abiotic selective pressures that likely influence 75 diatom biogeography and evolution, they are considered as successful r-selected 76 species (Armbrust, 2009). r-selection is an evolutionary strategy in which species can 77 quickly produce many offspring in unstable environments, at the expense of individual 78 "parental investment" and low probability of surviving to adulthood. Rats are a classic 79 example of r-selected species. This is opposed to K-selection, in which species produce 80 fewer descendants with increased parental investment, such as elephants or whales 81 (Pianka, 1970) . Diatoms are one of the most diverse planktonic groups in terms of 82 species, widely distributed across the world's sunlit ocean (Malviya et al., 2016) and 83 capable of generating massive "blooms" in which diatom biomass can increase up to 84 three orders of magnitude in just a few days (Platt et al., 2009 Milici et al., 2016) . Such networks provide an opportunity to extend community analysis 95 beyond alpha and beta diversity towards a simulated representation of the relational 96 roles played by different organisms, many of whom are uncultured and uncharacterized 97 (Proulx et al., 2005; Chaffron et al., 2010) . Over large spatial scales, non-random 98 patterns according to which organisms frequently or never occur in the same samples 99 are the result of several processes such as biotic interactions, habitat filtering, historical 100 effects, as well as neutral processes (Fuhrman, 2009). Quantifying the relative 101 importance of each component is still in its infancy. However, these networks can be 102 used to reveal niche spaces, to identify potential biotic interactions, and to guide more that have more negative than positive associations and thus can be defined as 146 "segregators" following the definition of Morueta-Holme, 2016. (Table S1 ). 147 A finer analysis revealed the major taxonomic groups with which diatoms 148 correlate or anti-correlate. Positive correlations involve mainly arthropoda (9.2% of 149 diatom positive correlations), dinophyceae (8.7%), and syndiniales (an order of 150 dinoflagellates also known as Marine Alveolates -"MALV" -found as parasites of 151 crustacean, protists and fish) (11.7%). Negative correlations include the three previous 152 groups -arthropoda (11.5%), dinophyceae (11.3%), syndiniales (11.1%) -as well as 153 the polycystina (6%), a major group of radiolarians that produce mineral skeletons made 154 from silica (Figure 1.a) . Chlorophyceae were used as a control class for obligate 155 photosynthetic green algae, and dictyochophyceae were used as a control class for 156 silicified phytoplankton: both photosynthetic classes show more copresences with the 157 aforementioned groups (Figure 1.b-c) . However polycystines show similar exclusion 158 trends as diatoms (Figure 1.d) . The number of negative correlations involving diatoms 159 with arthropods, dinophyceae, syndiniales and polycystines was much higher than what 160 would be expected at random based on binomial testing (Figure 1.e ), a pattern that was 161 not found in other phytoplankton control groups. However, polycystines also display 162 more negative associations than what would be expected at random with copepods, 163 syndiniales and dinoflagellates (Table S2) . Amongst all the pairwise associations 164 involving diatoms and other organisms in the plankton (N=4,369), only 13% were due to 165 a third environmental parameter, illustrating a shared preference for a particular abiotic 166 condition (N=566), leaving 87% of the associations solely explained by the abundance 167 of the two organisms ( Figure 2 and Table S3 ). Polycystines displayed a similar pattern, 168 with 95% of the association explained by biotic interactions rather than abiotic. Table S4 ) and average scores of exclusions were stronger for diatom-MAST (-186 0.66+-0.09) and diatom-MALV (-0.59+-0.09) subnetworks (Figure 3.c) . 187 We used polycystines as a comparison group as they were also shown to be 188 segregators. Diatoms have stronger negative scores than polycystines, reflecting a 189 higher potential as segregators with respect to potential competitors, grazers and (Table S5 ). This analysis revealed that some barely play a role in the interactome. For Pseudo-nitzschia barcodes are primarily involved in positive correlations. 247 However, they display exclusions with organisms such as arthropoda and dinophyceae, 248 and some are known to produce the toxin domoic acid in specific conditions 249 (Tammilehto et al., 2015) . No exclusions regarding syndiniales appear, and barcode-250 level specificity is observed with "1d16c," which is involved in a much higher number of 251 interactions than "b56c3." Unfortunately, these diatom sequences were not assigned at 252 the species level. Finally, the Thalassiosira sub-network displays mostly negative 253 associations with syndiniales, arthropoda, and polycystines, with one of the three 254 representative barcodes ("53bb7") responsible for 93% of the exclusion (Table S6) . 255 The distribution of the aforementioned diatoms, involved in a high number of mutual Figure 6.a) . 294 We noted that 58% (883 out of 1,533) of the interactions are labelled "eatenBy" Overlapping empirical evidence from data-driven results reveals gaps in knowledge and 321 extends it to the global ocean 322 In an effort to improve edge annotation in the co-occurrence network, the literature 323 database presented here was used. The occurrence of a specific genera in the literature 324 was compared to its occurrence in the Tara Oceans Interactome (Table S8) . On 325 average, the co-occurrence network revealed many more potential links between 326 species than has been reported in the literature (Figure 6.b (Figure 1.a,d) , a pattern unseen in the 354 other photosynthetic classes examined (Figure 1.b,c) reflected by significant exclusion 355 of major functional groups of predators, parasites and competitors such as Copepods, 356 Syndiniales and Dinophyceae (Figure 1.e (Figure 2) . 370 
371
Connectivity values of sub-network topologies suggest that diatom-MAST and diatom-372 MALV networks display more specialist interactions than diatom-copepod and diatom-373 dinophyceae networks (Figure 3.b) . Correlation values are often neglected in co-374 occurrence analysis but here they reveal stronger exclusion patterns of diatoms against 375 MASTs and MALVs (Figure 3.c) . Exclusion between diatoms and MASTs is therefore 376 more specific, and stronger, than compared to copepods or dinoflagellates. These Analysis at the genus level shows that abundant diatoms such as Attheya do not 387 play a central role in structuring the community, contrary to Synedra that, at a global 388 scale, is less significant in terms of abundance but is highly connected to the plankton 389 community. We show the existence of a species level segregation effect that can be 390 attributed to harmful traits (Kraberg et al., 2010) (Figure 4.a) , reflected by blooming and 391 endemic distribution patterns for the top segregating diatoms (Figure 4.b-d (Figure 6.b,c) . 406 However, Proboscia is a homotypic synonym of Rhizosolenia that is found in the 407 interactome, which illustrates the consequences of non-universal taxonomic 408 denominations on diversity analysis. 
